
AD-AI51 303 AQUEOUS SALT ABSORPTION BY AMPHOLYTIC POLYSRCCHRRDES i/i
(U) LOWELL UNIV MARSS DEPT OF CHEMlISTRY

I J C SALAMONE ET AL. 27 FEB 85 TR-i N8004-83-K-9674

I UNCLASSIFIED F/G 6/1 N7 . m .mhi



' lii .0 j128 25

111 = ' 3~ 1112.0

L.1.8

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANDARDS 190 A



t . . 4 . .

A . C. Watterson, 'and 1. AOhr::ed N00014-83-K-0674

AkEA & %%OKK UNI- NUMULIRS
Iu1 Polyrcri Science Prograr:

IDepz~rt:>ent of Ccni-st ry
_____ _______M 085 NR 356-848 _____

Cl fiCC~ Ofj~ ~j~r FebrUarv 27 , I 915
Ar iivj~oiL, VA 22211' 13. NUMI.!1L OF PA5ES

OVCP 1. SECUPITY rICASS.c0thi f*PG AINC

SCMECJLE

This dIocutient. has been approved far public rulease and sale;

17. LIST RIi2U-. !OP Si A 7 MENT (t'1 the 0."-r.rct ontared In Wor~k 2 . It f a',!. nt from. Report)

I$. SU;PL'_%E1TAAY N -ES N& MAI 1 4 1985

TbepublisWvd in:POLYME.R- ..- A
0 . 19. pjY W~'n, - .nflruje on re'.~',e e; *r It neceas anWd I,.entts'y by block n4.'.74.4C,)

-starch solution properties,

SAJ hvcircixethyl Cellulose) salt absorption,
__ graft copolyrrxcrs, ampholyLic polysaccha-rides.,

* ~ . --. - -- ---- ... --- polyanjho'lYtes.!,,

20. ~5T~IAT 'on~- ,'n e~efsp eic* it necettery ana *e.lttl b), tic k nu-_Iof)

XStud..s of the solution propert-. s of polyiripholytes >-ave revealed that
these poly:- rs ,re capable of undergoing viscosity incrca .s in the presten .e
of increasing sa-lt concent ition. Fmp1.oyir.i t--i unique -. aracteristic, we

*have prepired jraft copolymrers of the ampholt11: ion pair C -.ono~e~r
3-::eticrlatid~~r pvlrk.thv .:~onun2-ncrvLuaido-2-r-.. -2propaoes ,'..fonate

vih ~vl~!conto starch and h-,dr:<:veth4 I col lull6 1e . .1th c-trit and
cohii t-rtJ irr:i 'at i. TV. - i _e water and aqueous sea Ascr ';opr
tie .1 (. .. I.: ' . . r n> . : *. . I.I

S N 01(2- LF014.6

85 03i 04 0.e



, -r - , - . - : - --. - - . , . : , , ' . ° . - - F r, . ' " .

OFFI.CE OF NVAL P.}ISRCiI

Co.t, I.ct NO. N C014-83-1K--0674

Project NR 356-848

Technical Report No. 1

AQUEOUS SALT ABSORPTION BY ANPHOLYf1C POLYSACCIWARIDES

by

J. C. Salamone, E. L. Rodriquez, K. C. in, L. Quach,

A. C. Watterson and I. Ahed

Accepted for Publication in

POLYMER

Polymer Science Program
Department of Chemistry
University of Lowell

Lowell, Massachusetts 01854

February 27, 1985

° .

Rf-production in whole or in part is permitted for any purposes of the United
States Governmcnt.

This document has been approved for public release and sale; its distribution
is unlimited.

85 03 04 C03
4 . . . .



VL 14 i3/F V/i I
GEJ<,,4-3-2

G *'413 -

? Jo , I 0.

Cot Ci es Coies

Office of Naval Research 2 Dr. David Young
Attn: Code 413 Code 334
6800 N. Quincy Street VORDA
Arlington, Viryinia 22217 !NSTL, Mississippi 3957.9

Dr. E.ernard Do'cda Naval Weapons Center
Naval Weapons Support Center Attn: Dr. A. B. Ar;ster

Code 5042 Chemistry Division
Crane, Indiana 47522 China Lake, California 93555

Co :::;?nder, Naval Air Systems I Scientific Advisor 1
Co'~2and Conrandant of the Marine Corps

A .,,: Code 310C (H. Pcscnwasser) Code RD-i
' higton, D.C. 20360 Washington, D.C. 20380

Naval Civil Erclireering Laboratory 1 U.S. Amy Research Office
Attn: Dr. R. '. Drisko Attn: CRD-Aw-IP
Port i{rei; , Ca i'"o-nia g34O! P.O. Box 12211

Research Triangle Park, NC 27709

Defense Technical Information Center 12 Mr. John Boyle
Building 5, Cameron Station Materials Branch

* Alexandria, Virginia 22314 Naval Ship Eng9r.: g Center
Philadelphia, Penn, ylvania 19112

DTNSRDC I Naval Ocean Systems Center
Attn: Dr. G. Bosmlijian Attn: Dr. S. Yamamoto
Applied Cheristry Uivision Marine Scierces Division

Annapolis, Maryland 21401 San Diego, California 91232

Dr. William Tolles

L4 Superintendent
Chemistry Division, Code 6100
Naval Research Laboratory
Washington, D.C. 20375

'..- .> .. . . >.* . . . .i . " . . . ." . / i " " ".. . '. -"

, -I , ,-L-,., , . -".. ,-.

,,,Iww, ,.i. ,. : ''' " "-" '"- . . ."* -



ir36,/ LIS -

Pro%-ccr A. G. Mcr -',dDr. John tlcGrath
Depar-Lmrnt of C~srvDepai tment, of ChemicalEc ern
Universit of P;c-nyN.vLvniZ, Virc'inia Polytechnic Irnsti tUtf
PhfIladelphia, Pe-iisylvania 19 174 Blacksburg, Virginia 24C61

Dr. E. Fisch'nr, Code 2853 Dr. Adolf Amster
Naval Ship Research and Chemistry Divisicn

*Developmen~t Cent- r Naval Weapons Cc-ter
Annipolis, 1-1aryland 224",0 2 China Lake, California T.1^'5 5

Professor H. Allcoct Professor C. Allea
Departr,,i;nt of Ch~ristry Department of Chemistry
Pennsylvania St~te University University of Vermont
University Park, P,:nnsylvania 16802 Burlington, Verront 05401

Professor R. Lenz Dr. Willi'am Tolles
Depart-:ent of Chemistry Co&e 6100

*University of 'iz-s.'1chusetts Naval Research Laboratory
Amherst, Massachusetts ^;10 02 Washington, D.C. 20375

Professor 1-1. David Curtis trofessor T. Katz
*Department of Ct,-2m.istry Departxrent of Chemistry

University of Michigan Colunibia University-
Ann Arbor, Michigan 48105 New York, New York I '2Z

Dr. J. Griffith Professor .al amonti
Naval Research Laboratory Dep~r -nt of Chemist-,y
Chemistry Section, Code 6120 U iversity of Lcwell
Washington, D.C. 20375 owefll, Massachu~setts 01854

Professor G. Wnack Professor J. Chien
Department of VMterials Science Department of Chemistry

*and Engin'eering University of Massachusetts
*Massachusetts Iri.-titute of Technology Amherst, Massachusetts 01854
* Cambridge, Massachusetts 02139

Mr. Sinson Jenrneke Professor Wllirm R. Krigbaum
Honey-,.ell Corporate Technology Center Department of Cher,1stry
10701 Lyndale Avenue South Duke University
Bloomington, Minnesota 55420 Durhiam, North Cwolina 27706

Dr. Richard M. Lamne Dr. R. Miller
SRI In"ternational IBM Research La!-iratory K42/282
:33 Ravens,.'ood Avenue 5600 Cottle Rcat
Menlo Park, California 94025 San Jose, Califi-nia 95193



[-i.7 r ITc~:cp' UT C~ L I -T.,

Pro cu~ T. ~ Professor G. ~ht~ie
tiprrcntof Chemriistry Dr~fp-rtlnent of LCh-,.-iistry

Northwest .;,i Uni versi ty Harvard Uiversi ty
Evanston, Illinois 60201 Can.bcidg?, Massachuset'.! 0 2 1 3f

*Prof essor Ma-lc.ln 5. Polk Dr. K. Paciorek
Oepxtmenlt of '-Iemi sty YUltrasysterns, Inc.

*Atlainta~ niviity *P.O. Box- 19605
Atl,-nta, Goo-o-ia 3 03 14 Irvine, California 927*15

Dr. Kurt rlau,- Professor H. Hall
Flidorocheni, lrrs. DePartrient of Cheistry
680 S. Ay;n PVErjue Urivcrsity of t'rizona
Azuza, California 91702 Tucson, Arizona 85721

*Professor H. Ishida Professor D. Seyferth
IDepartr'ent of >Xacro~nolecular Science DePartm--ent of Chemistry

Case Western University Massachusetts institut.e of Tr.chnolocy
Cleveland, Ohio 44106 Ca!m,-ridqe, Massachusetts 02139

Prof scor SthW, ,r, 'i -g ff
Department of Chernical En~gineering
University of Minnesota

- Minneapolis, Minnesota 55455



A2JUS SALT A59SOR'?TIC'I BYNR >CLYI MhYS\CAI

J. C. Salamone, E. L. Rodriquiz, K. C. Lin, L. xiach, A. C. latterson

and 1. Ahmed

Polymner Science Pro-gram
Dpartment of Lhemistry
University of Lcwell
Lowell, M4assachusetts 01854

Studies of tl~e solution properties of polyampholytes have revealed that

these polymers are capable of undergoing viscosity increases in the presence

of increasing salt concentration. Fhploying this unique characteristic, we

* have prepared graft copolymers of the anipholytic ion pair comnomer

3-methacrylamidopr-opyltr imethylammonium 2-acryl .midc-2-methylprop-anesul fonate

* with acrylamide onto starch and hydroxyethyl cellulose by both ceric ion and

cobalt-60 irradiation. The deionized water and aqueous salt absorbing

properties of these materials are reported.

*
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The grafting of vinyl monomers onto polysaccharides has been the subject

of extensive investigation using tetravalent ceritun (1-10) and coalt-60

radiation (11-16) as initiators. The po.sibility of using water soluble

grafted polysaccharides as viscosity modifiers in displacement fluids for

enhanced oil recovery (8,9) and the ability of some hydrophilic saccharide

graft copolymers to absorb large amounts of aqueous fluids (13,14) have

generated considerable interest in h-xth academic and industrial research.

These prolucts may haive many diff,:rent 3pplications and hold industrial

promise fcr tho futurc.

The synthesis and characterization of saccharide graft copolymers from a

mixed monomer system is a potentially promising area of new materials. A

cationic monomer or an anionic monomer coupled with a neutral monomer and

grafted onto starch or dextran has been investigated in several instances to

reveal unusual-properties. Thus, the co-grafting of monomer pairs onto

various polysaccharides using cerium (IV) initiation has been reported for

acrylonitrile/acrylamide (2), acrylonitrile/t-b itylaminoethyl

methacrylate (17), acrylonitrile/isoprene (18), and

acrylamide/sodium-2-acrylamido-2-methylpropanesulfonate (19). Cobalt-GO

radiation was also used to graft the monomer pairs

acrylamide/2-methacrylryloxyethyltrimethylamonium methylsulfate (12) and

acrylamide/2-acrylamido-2-methylpropanesulfonic acid (15) onto polysaccharides.

oa
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As part of our research program on ionic polymers, our group has been

engiged in an inv-stigation of the solution properties of amxpholytic polymers

(20-25). These olymers have either been of the form of

poly(l-vinyl-3-sulfopropyliriidazolium hydroxide inner salt), I, a sulfobetaine

where the positive and negative charges are on -,ne pendant group, or of the

form of copoly(3-methacrylami.-opropyltrimethyla.-rnium 2-acrylamido-2-methyl-

propanesulfonate), II, a polyampholyte derived from an ion-pair comonomer in

which the positive and negative charges are on different pendant groups. For

each of these systems, the intrinsic viscosities of the polymers increas--

markedly as the concentration of salt increased and as the site binding

ability of cation or the anion of the added electrolyte increased. Such

polyanpholytes were also quite stable in the presence of m:,Itivalent cations.

It is also interreting to note that when a covalently crosr 1:. -el of I .-ras



prop-srr.-], it ws fc,-i 1to imbibe 91%Z- of 1 M NaCI ,--- in the clrr.. of

deionize,-! ,.tr, the gel absorb only 46% (20).

Because of the large interest in lpolysaccharide graft copolymers and

related to our stuldies of the synthesis, characterization and solution

properties of water soluble copolymers of acrylamide and 3-methacrylamido-

propyl t r i nethylarnoni un 2-acryl;m ido-2-methylproM1nesul fonate, MF44- NkAT S, it

was decid:Ied to prepAre graft corxlAyers of this ion-pair comonomer and

acrylamide onto starch and onto hydroxyethyl cellulose. Water absorbency

studies were then conducted to assess the effects of copolymer structure and

4 ionic strength on the swelling prop:;.7ties of the grafted copolymers.

1DQPERI TAL

Materials

A 50% aqueoLus solution of 3-methacrylamidopropyltrimethylainonium chloride

was purchased from the Jefferson Chemical bmr-iny. It was deolorized twice

with activated carbon and diluted with an ecual volume of distilled water

prior to use. From Lubrizol Corporation was obtained

2-acrylamido-2-methylpropanesulfonic acid (refined grade) which was

recrystallized twice from chloroform. The cationic anionic monomer pair,

3-methacrylarnidopropyltrimethylarinium 2-acrylamido-2-methylpropanesulfonate

(II) was preparcd as reported previously (26). Soluble starch was obtained

from Fisher Scientific Company and hydroxyethyl cellulose (cellosize IMC 1-1-09)

was obtained from Union Carbide Co. Both polysaccharides were used as

received. Cerium aEmrxnium nitrate, from Aldrich Ohemical 2onn:)ny, was also

used ins received1.

4
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Ceric Initi1tin

Reactions were carried out in 100 ml glass ampoules. A hcoog.neous

solution of soluble starch or hy-Iroxethylcellulose in deionized water was

prepared in the ampoules by heating the solution to 60 °C. A mixture of

M'Pfl-,.? an-I acryllamile -onomer in 10 ml of deionized water was added to the

above solution and3 agitatod until completely dissolved. The paste was

evacuated to 101 mm Ig and degasse2 by a freezing and thawing technique

using isoprolYino.-dry ice as a cc.ii cg bath. This evacuation and meltinq

proce,,'lure was repeat(,<l three time; to displace dissolved oxygen. A solution

of 0.005 a, criu a-touliurt riit, in 2 ml 0.05 N nitric acid was added to t-e

frozen paste with a syringe. The ampoule was then sealed in vacUo. The

mixture was allowed to melt and then placed into a water bath at 25 °C. The

polymerization continued for three hours while shaking. The reaction product

was then transferred to a dialysis bag and dialyzed against distilled water

for approximately four days. The purified polyn.er was obtained by

freeze-drying. The polymers were dried in a vacuum oven at 60 0 C for a

period of 4 h.

Cobalt-60 Initiation

The cobhalt-60 gamma ray source was a G:-z,-acell 200 unit fro Atomic Energy

of Canada Ltd. The dose rate at the center of the c6hamber was 0.113 Mrad/hr

as calculated from the initial dosimetry data provided by tIe manufacturer and

the decay rate of cobalt-60. The preparation process for t- reactive mixture

t'.ts the sa,-'  a : for the ceric initiation. The reaction wa - hen irraliate]

4,
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v'.,1101 U-12 1;> 1 1: w 7 ' c for c:,.,2 to ten h (0.3 to 1.0 ,..i), ,ielci.{j e i.':

.iu]. 'or inysolub]. rt'rrs. Por the resulting touqh-ruffery o].yrs,

these were cut into small pieces a'd reluce: to granular solids by high-shear

blen-iing with isopropanol. Thle solids were then washed] thoroughly with
- isopror-nol to remoove unreacted monomer. The water soluble polyn;Iers were

furthe r pirifier] by lialy-is and froeze-dryinq, althougih they were not studied

in this work. The water insolubl2 materials were dried in vacuo at 60 °C

for 4 h.

* Structur> .L Ch-racteriza-tion

Carty)n, hy-Ire en, nitrogen ard sulfur were analyzed by Atlantic Microlab,

P, .... o.Alnt -,, The st ,rch graft -,pl-v. ... com"-sition- '-

in ol fraction of starch,acrylamide (Am) an.- MTPI\.A,'.S were calcalated using

equations (l)-(3) tns,m° on sulfur and nitrxen analysis.

~~~~~32.064 F(,pDb t

229.39 =(229.39 }"- 91.06F + 162.14(MPTtA" AMP S) (AM)

42.021 F + 14.007 F(A- 1

229.39 F(\IP VtPS) - 91.06F + 162.14

F 1.0 F(AM F(N A )

(st00- - (3)F(starch) = 10-F(AM) - (MpIMAAL'S)(3

6I
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fr,; r>uc- r .. ,.rcxvu_. , c:.o:iulc;2, aZry1lj.-ite L..Y°: .- J X :" , ?S , were Ca..... t',. '

uzhir:j c-c ;ct ic'.rs (o)-n() i:c-l cci silfur an .1 Jtrc:en arialy. sis.

32.064 F (.MA.APS)

573.53 - 182.00 F( .IM AZI1\. 12 s) - 502.45 F(P/l4)

42.021 ( + 14.007 F• M TMA,-AYP" F(AM,)

NZ ..... X 100 (5)
573.53 - 182.00 F(MpT],\ AMPS) - 502.45 F (AM)

F hydroxythyl cellulose 1.0 -F (AM) - FPfpit. ps) (6)

Measurecrient of Water A.s rber.cv (15)

An accurately weighed 100.0 mg sample of polymer was 3llcDei to stand one

day in 10.0 ml of solvent at roo;a teiperature. The swollen polymer was

spIarat(1 from tnabsorbod solvent by screening through a tared 230-7nesh sieve

th,3 rt iqure 4.q cn in dianieter. Thc poly. ar in th,. sier: .F w , - to

, . . • . . . . . . . - ,. %j -" % • ., , -
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" . I i t '".'Ciht of cD]'ent-'.-, )]lcn -, s cCalcu.atc3 in

gras of solvcnt p.er gra:, of dry poly-nr t'-in-j into accoirnt the initial
moisture content of the polymer (approximnately ln)). T)ionized water,

1.0 M NaCI and simulated urine (0.64 g CaCl 1.14 g 7SO 1 0, 8.20 g2' 4 4*~2~'82

• NaC., 20.0 g urea, 1000 g deionize.3 water) (13) were used as solvents.

RESULTS ANDI DTC,?-U53ICa

Graft. Cooolyers

* Graft polymerization was carri. § out by first preparing a blend of

pregelatinized starch or hydroxye'hyl cellulose with a water solution of

acrylwiiade and I. .X25 arid jolmerizing tie resulting mixture with Ce(1V)

or cobalt-60 irradiation. Pregelatinized starch or hydroxyethyl cellulose is

the paste obtained after heating the initial polysaccharide in water to the

gelatinization te-perature (60-70 °C), at which point the materials undergo

a rapid irreversible swelling accompanied by a loss of birefringence (28).

High grafting efficiency, under conditions similar to these, was obtained with

different monomer systems (12,15). The water soluble graft coipolymers obtained
in our case were exhaustively dialyzed with distilled water using a membrane

with a 12,000-14,000 molecular weight cut-off. The water insoluble rubber-like

materials were dewatered by blending them with isopropanol. These two

proc-dures served to remove any unreacted monomer.

In the first series of experiments, Ce(IV) was used to induce the graft

copolymerization of starch or hydroxyethyl cellulose with M'r'ly MAMPS and

acrylamide. The concentration of cerium anmonium nitrate w -r adjusted to

achieve a good decree of grafting (2). The conversion of m o-m,.,er to polyn,=,r



.hibe ;ori s,.r.., 1'.-n fo.- , 1 :.:x-.ethyI cell:Yo' a- is 'ru-tri.= ] 'r-

r~cc- tyiel . in Table I. T, : sitions of the g-.1ft co 3 -. yi't " --

f,'om the clcni-ental anilysis, ba-e' on the percent of sLlfur, clear]y sho.;s

that acrylaliie an' A.*AMS are more easily grafhc-d onto starch than ont-

hy]roxyethyl cellulose, as illus-tratel in Table II.

In o r sccornd series of roactions (Table Ill), starch or hydroxyethyl

cellulose, M PM'% AMPTIS and acylu-inie water blenis were prepared and irraiiatcl

to different total doses in Mi 1. In each reaction the weight pro]DOrtion of

polysaceharide/ac ylamnide/t 4AX..M3 was mAintaineid at 2/1/I. The conversion

of monomer to graft poly.aer was ric:1y quantitative as seen from the percent

yield (Table III). DDth starch a:vi- hYroxyetbyl cellulose were founud to

produce similar results in percent yield as 1a shocn in Table III. From the

oompositions of the graft copolymers (Table IV), the amount of acryhmide -

W-Thv.A.AMPS in the starch and hydroxyethyl cellulose products were

significantly grater. Thus, judging from this, and the percent yield, the

cobalt-60 irradiation procolure appnars to introduce higher percents of

acrylamide and 4TA.APS on to starch or hydroxyethyl cellulose than the

Ce(IV) technique. In aldition, the cobalt-60 procedure leads to graft

copolymers that are tough and rubber-like, prdably caused by a considerable

degree of crosslinking that causes the insolubility in water of these

materials. The Ce(IV) technique apparently did not produce crosslinking, and

the graft copolymers re ,ained water soluble.

4



W itL, .": " r .. :!y wats nex: deter.ine-1 for sx:e of the -:t'ft cooD1.y-- -;. ]

It , fWind tat all of the copolyn-'s obtained using the Ce(IV) prco c.tre "]

were ltiblh. ,Crty al 1 of them were partially soluble after 1/2 loury and-

cor:i4etcly soluble after one day's cxposure in the different aqueous solutions.

The os.,'ite sution was fou-1 foi" the'graft copolymers cbtaincd using the

cY .- ilt--60 proc-'.Iure. The m:ijority of these grafte materials were non-water

solble. For these cases, selected samples (nuirmbers 7, 8 and 12) were

me:in,-1 for abxorbency in deionize3 water, 1.0 M !,1aCl ani simulated urine

(Thb>, V). It was foul t1hat for s51le 7, where 8.56% of I.WA.;-S ani

27.302 of acrylamide were grafted onto starch, the deionized water absorbency

-' 9.'- . H20!g of rolyrter. This water absorbe-y is slightly

lo:,r th.n for sa'xle 8, where the incorporation of 8.98% of MPM!.X4P anS -

41.762 of acrylari,,e onto starch resulted in a value of 11.54 g H20/g

polymer. For run 12, 15.01% of MM?.-IthAPS and 64.96% acrylamide were grafted

onto hydroxyethyl cellulose to produce a water nbsorbency of

14.11 g 1120/g polymer in deionized water. The.,.e results indicate that the

water absorbency increases with the anount of -'I4.nAMPS incorporated into

starch or hydroxyethyl cellulose. For all the sar.ples, hr.ever, it is

interesting to note that the water absorbency follows the order

1.0 M NaCl • simulated urine * deionized water. Visual cbservation confirmed

the above order in terms of swelling power. Mhus, the pr. .ence of both

positive and negative charges in the polymier chain incorp -ated onto the starch

or hydroxyethyl cellulose is responsible for the water af. nity in salt

solutions. This is relatively in agreement with our find". ; in that

polyattpholytea u.-ually show greater affinity for silt sol: 'ns than for pure

V.

. . . . . . . . . . . .. . . . . . . . . . . .



:!r (26, ?"/). ;,-]iti.c::l.ly, 1.0 '1 ThCl s' iution hn7 a .greater i'n.c ,l eni;

to-:n th sit.uutc1 urine '3.20 M) relnuion. jfnis explains the fnct thit t

grafted co, >iy rs sh,):%?i a greater water absorbency- with increasing th&e ionic

strength, even though si-Jlated urine contains divalcnt catios ;hch do rnot

particularly affect p)ly-am-.holytes. Anin, tlis is attributed to the presence

of the ion co -rnomr ',I .- S. in the graft copolyrw.rs.

Taylor et al. (13) pre.-wred hyirolyzed starch-g-po!y .cryloitrile and

measured the water ahsox-'.:ncy of the graft copolymers in pure water and1

simulated urine. They reported that the water absorbency for the graft

co.o].ymer with 48 of a,1e- acrylon .t rile dropped from 270 g H20/g polymer

in pure water to 2p g 20/g polmynir in simulaitei urine. In the above case,

the hydrolyzeA st:.rch-g-rlylcaitrile c ol-mners behaved nore like a3

typical polyanion, resulting in chain contraction in salt solution,

* articularly w.hen divalent cations are present.

The graft co/nolym erization of the anionic monomer 2-acrylamido-2-methyl-

propinesulfonate and acrylonitrile onto starch has also been reporte d [29].

Saponification of these products (containing uf to 10 mole percent of

2-acrylamido-2-methylpro.anesulfonic acid) with hot alkali to convert the

nitrile substituents to carboxamide gave highly absorbent polymers (about

1000 g of deionized water / g polymer). In a related case of the Co-60 gammi

ray initiated graft copolymerization of 2-acrylamido-2-nethylpropanesulfonic

acid and acrylarmide onto starch (15), the resulting prodit showed absorbency

properties comparable to the acrylonitrile saponified pr-ilucts (about 750 g

H20/g polymer). Ibwever, the acidity of the sulfonic acid containing system

caused some starch hydrolysis, which apparently contributed to the observed

hh p,'rcentages of water solubility ;r.i absorbn-y. Nei- .- izati

I 'i z O
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• 2.-

of 2-acryij. ai,.-n-2-!- ,11'r -)n,. y-iic a-d with ... r~r istic ._y r",]uIli

1Doth t>- water soltfbility a--d .- rrcy of th3 inal products. It is

tuifortun:ite that this system was not investigated for absorption in aqueou-,

salt where the absorbency would have been expected to be lower than in

deionize- water because of contraction of the polyanion se.lents.

In our system, since T.A>.S is a neutral monomer pair (whare the

positively charge:3 group is oz,:nrensated by a negatively charged group), the

grafting of the ion-pair cononax::er and acrylamide onto starch resulted in a

neutral polymer with less water absorbency, but with the result that such

systems can be greatly expanded in aqueous solutions containing high

concentrations of salt. Indeed, the acrylamide and ion pair cc.onamer grafts

onto oolysacchariles, in conjunction with ouir early rdata on a

poly(vinylimidazolium sulfobetaine) (20,22), arnpear to support the belief that

insolublized polyampholytes can be highly effective in absorbing aqueous sit

solutions in much the same fashion as the soluble derivatives of these

polyampholytes are more compatible in aqueous salt solutions thin they are in

deionize-I water (22,26,27).
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